Abstract Single-port laparoscopic surgery has the advantage of a hidden scar and reduced abdominal wall trauma. Although single-port laparoscopic surgery is widely performed for other organs, its application is very limited for liver resection. Here, we report our experience with nine patients who underwent single-port laparoscopic liver resection. Nine patients underwent single-port laparoscopic liver resection for the indications of hydatid cyst, hepatocellular carcinoma, and colorectal cancer liver metastasis. Nine patients were successfully treated with single-port laparoscopic surgery. The operative time was between 60 and 240 min. The only operative complication was bleeding up to 650 mL in a patient with cirrhosis. No postoperative complications occurred. All patients were discharged earlier than usual. Single-port laparoscopic liver surgery is a challenging surgery. Surgeon with the experience of laparoscopic liver surgery should perform the single-port laparoscopic liver surgery. It is technically feasible with a good outcome in well-selected patients. Initial cases must be benign lesions to avoid jeopardizing oncological safety.
Introduction
Laparoscopic liver resection has been the standard treatment for peripherally located benign or malignant lesions in well-selected patients [1] [2] [3] . This procedure has the advantage of reducing postoperative general complications such as ascites and wound infection without worsening the oncological outcome. Laparoscopy is preferred over conventional surgery in well-selected patients with cirrhosis with peripherally located tumors to reduce the postoperative deterioration [3] [4] [5] .
Single-port laparoscopic surgery (SPLS) is a new trend in laparoscopic surgery that has the same outcome as laparoscopy but has additional advantages such as a hidden, scarless incision, and less abdominal trauma [6, 7] . Single-port laparoscopic surgery has been successfully performed for gallbladder, bariatric surgery, and colon resections [7] [8] [9] . However, the development of this procedure for liver resection has been very slow, similar to the slow progress of laparoscopic liver surgery.
SPL liver surgery has a steep learning curve. Surgeons who have experience with laparoscopic and open liver surgery should perform SPL liver resection after gaining enough experience with other types of resection such as SPL cholecystectomy [10] [11] [12] .
The indications, contraindications, and technical difficulties such as instrument crowding, absence of triangulation, parallel field of view, and two-to three-instrument restriction depending on the port choice have been discussed in detail in previous reports [10] [11] [12] [13] [14] [15] .
We reported the first single-port laparoscopic pericystectomy for hydatid cyst [16] . That was our first SPL liver resection, and then we performed eight liver resections.
In this report, we share our experience of nine patients of the SPL liver resection.
Methods
From May 2011 to April 2015, nine patients underwent SPL liver resection. The liver lesions were as follows: three hydatid cysts, four colorectal cancer liver metastases, and two hepatocellular carcinomas (HCCs). The patients' preoperative demographics are shown in Table 1 .
Results
We performed two SPL pericystectomies and one left lateral sectionectomy for the hydatid cysts, two metastasectomies and one left lateral sectionectomy for the colorectal cancer liver metastases, one segment 3 resection, and one wedge resection for the HCCs.
One patient with cirrhosis had intraoperative bleeding and required 2 units of erithrocyte transfusion. There were no other perioperative or postoperative complications. The type of surgery and the perioperative and postoperative findings are shown in Table 2 .
SPLS for Hydatid Cyst (Cases I, II, and V)
Cases I, II, and V had a 5, 10, and 4 cm hydatid cyst, respectively. The cyst occupied all of the left lateral section in patient II. We performed SPL pericystectomy on the first and fifth cases and SPL left lateral sectionectomy (LLS) on the second case.
Meticulous dissection is required to avoid perforating the hydatid cyst, which may cause anaphylaxis. We placed a hydrogen peroxide immersed gauze under the cyst to prevent spillage into the peritoneum and used the gauze for bleeding control and traction if necessary.
After the SPL pericystectomy was performed, the cyst was placed in a retrieval bag. Then, the SILS port was removed and the retrieval bag was pulled up to the skin incision. The cyst content was aspirated to shrink the cyst while it was in the bag, which enabled the bag to be withdrawn without enlarging the single port incision.
A 2.5-cm SILS port (Covidien, Boulder, CO, USA) is usually adequate for pericystectomy, but a larger port may be necessary if liver tissue will be removed with the cyst.
SPLS for HCC (Cases III and VII)
Patients IVand VIII had a 2 cm HCC in segment 2 and a 3 cm HCC in segment 3, respectively (Fig. 1a) . We performed a wedge resection on patient IV and partial segment 3 resection on patient VIII. If preoperative studies show large umbilical veins, the single-port incision should not be placed in the umbilicus.
Parenchymal resection is the Achilles' heel of SPL liver resection in a cirrhotic liver. The limited liver resection such as wedge resection can easily be achieved with laparoscopic surgery. The disadvantages of SPLS such as instrument crowding and the absence of triangulation make SPL liver resection crucial in patients with cirrhosis. Bigger single ports and articulating laparoscopic instruments must be used to overcome this disadvantage. These ports have four entries; three instruments can be used at the same time. Articulating laparoscopic ultrasonic surgical shears (Ethicon Endo-Surgery, Cincinnati, OH, USA) will be helpful to avoid resecting excessive liver tissue (Fig. 1b) . 
SPLS for Metastatic Liver Tumors (Cases IV, VI, VIII, and IX)
The fourth, sixth, eighth, and ninth patients were colorectal cancer liver metastases. The fourth case was a metastatic liver tumor diagnosed 2 months after conventional left colectomy. The tumor was between segments 2 and 3 and had invaded the portal branch (Fig. 2a) . If left lateral sectionectomy is planned, the single-port incision must be 5 cm. This incision will be needed to withdraw the left lateral section especially in malignant lesions. Single ports with four entries must be used since all entries will be necessary at the same time for dissection, camera, and traction. The laparoscopic liver retractor is very helpful for traction during left hepatic vein transaction (Fig. 2b) . We do not recommend to smash the liver even if the lesion is benign (Fig. 2c) .
If there is a previous supraumbilical incision, a 5-cm single-port incision is helpful for sharp and blunt dissection. It is better to make a sharp and blunt dissection before the single port is placed since adhesions may not allow appropriate placement of the port or enough room to manipulate the instruments intracorporeally. Articulating laparoscopic instruments and vascular staplers may be necessary to control inflow and outflow vessels. Articulating vascular staplers are particularly useful in dividing the major trunk of hepatic veins deep in the transection plane.
The sixth, eighth, and ninth patients had peripherally located 2, 2, and 3 cm colorectal cancer liver metastases in segment 3, respectively. We performed SPL metastasectomy on all patients by using the SILS port (Fig. 3a-c) .
Discussion
The aim of modern surgery is to go scarless with the same oncological outcome as conventional surgery. Single-port laparoscopic surgery is gaining popularity in which the incision scar is usually hidden in the umbilicus.
SPL liver surgery has a steep learning curve. SPL liver resection must be performed by surgeons experienced in laparoscopic and conventional hepatobiliary surgery [1] [2] [3] . The initial cases must be selected very carefully to avoid failure during the learning curve, which will cause disappointment. We recommend starting with peripherally located benign liver lesions to avoid jeopardizing the oncological safety during the learning curve. Therefore, our first two cases were liver hydatid cysts.
The benefits of SPL liver resection on a patient with cirrhosis have been demonstrated [4, 10] . Single-port laparoscopic liver resection on a patient with cirrhosis has the main advantage of reduced postoperative deterioration. Patients with cirrhosis must be chosen very carefully to perform SPL liver resection since this technique can cause severe bleeding because of the technical difficulty [4, 12] . The bleeding can be from the major vessels or the cut surface. Articulating laparoscopic ultrasonic surgical shears and laparoscopic Cavitron Ultrasonic Surgical Aspirator (CUSA, Tyco Healthcare, Mansfield, MA, USA) can reduce deep parenchymal bleeding in patients with cirrhosis.
If the surgery takes a long time or excessive bleeding occurs, the surgeon should not be stubborn to finish the case with a single port, which can harm the patient. Multiport laparoscopic surgery is an alternative to SPLS if excessive bleeding occurs or one cannot overcome the technical difficulty.
Patients with peripherally located small hydatid cysts are good candidates to start performing SPLS. SPL pericystectomy is the accepted gold standard for peripherally located small hydatid cysts [16] . We discharged the third patient with hydatid cyst on whom we had performed SPL pericystectomy on postoperative day 1. In such cases, SPLS is similar to ambulatory surgery.
Conclusion
Single-port laparoscopic liver resection is gaining popularity at experienced centers [17, 18] . The small case series demonstrated that this technique is feasible in well-selected patients when performed by experienced laparoscopic hepatobiliary surgeons. All previous reports concluded that correct patient selection and laparoscopy experience are the most important part of a successful outcome [10] [11] [12] [13] [14] [15] .
